Analysis of the wheat germ agglutinin (WGA) binding proteins in the cellular slime moulds Dictyostelium mucoroides, D. rosarium, D. purpureum, Polysphondylium uiolaceum and P. pallidurn revealed many cell-ty pe specific proteins in each species examined. Furthermore, three species D. mucoroides, D. rosarium and P. uiolaceum, were found to have a wst34-like protein in their stalk cells. Wst34, which was originally identified in D. discoideum, is a stalk-specific WGA-binding protein having a molecular mass of 34 kDa and PI values of between 5.5 and 6.5.
Introduction
The development of the cellular slime mould Dictyostelium discoideum through cell differentiation into the advanced stage is regulated by the activation or inactivation of many genes and the appearance or disappearance of many proteins. The cells acquire some of their individual characteristics by post-translational modification of these proteins. Analysis of the developmental changes by determination in 1-D gels of the total protein of D. discoideum, detected by Coomassie brilliant blue staining or biotin blotting, revealed so many proteins that it was difficult to identify the changes. However, developmental changes can also be determined by glycoprotein analysis using lectins.
Wheat germ agglutinin (WGA) is one of the most useful lectins for analysis of the development and differentiation of D. discoideum (Burridge & Jordan, 1979; West & McMahon, 1979; Kumagai et al., 1987; Oyama et al., 1988; Kubohara & Okamoto, 1990) . In this study, we extended our work on WGA-binding proteins to other species of cellular slime moulds, namely D. mucoroides, D. rosarium, D. purpureum, Polysphondylium violaceum and P. pallidum , and identified a number of cell-type specific proteins. Furthermore, in the course of these experiments we found 34-36 kDa WGA-binding proteins present specifically in stalk cells of D. mucoroides, D. rosarium and P. violaceum, which appeared to be similar to wst34, a WGA-binding protein present in the stalk cells of D. discoideum (Kubohara & Okamoto, 1990) . We examined whether these Abbreviations: PAP, peroxidase conjugated anti-peroxidase; WGA, wheat germ agglutinin; 1-and 2-D, one-and two-dimensional.
proteins were identical to wst34 by 2-D gel electrophoresis and by immunoblotting using two antisera which recognize wst34. We present here some of the characteristics of these proteins.
Methods
Strains, growth, development and cell-type separation. Dictyostelium discoideum (NC4), D. mucoroides (Dmll), D . rosarium (from Dr K. Inouye, Kyoto, originally used by Dr D. Waddell), D. purpureum (HDp8), Polysphondylium violaceum (Pv6) and P. pallidum (WS320) were used in this study. Dictyostelium cells were grown with Escherichia coli B/r on SM agar plates (Sussman, 1951) . Polysphondylium cells were grown with the same bacteria on 5-LP agar plates (0.5% lactose, 0.5% peptone; Ishida, 1980) . All were allowed to develop at 21 "C in the light. Spores and stalk cells of each species were separated by passing the fruiting bodies through a 32pm filter. Proteins were solubilized with an appropriate amount of SDS sample buffer (80 mM-Tris/HCl, pH 6.8; 20% (w/v) glycerol; 0.1 M-DTT; 2% (w/v) SDS; 1 mM-PMSF; 0.5 mM-N-tosyl-L-lysine chloromethyl ketone ; 5 mM-benzamidine) and insoluble materials were removed by centrifugation (10000 g, 20 min). The samples were used for 1-D or 2-D gel electrophoresis.
Preparation of antisera.
Anti-wst34 serum was prepared as follows. Wst34 which had been purified from D. discoideum stalk proteins using preparative SDS-PAGE and a WGA affinity column (Kubohara & Okamoto, 1990) was used for immunization. Fifty microlitres of a solution of wst34 in SDS sample buffer (1 mg protein ml-I) was injected subcutaneously into a mouse (Balb/c female) with PBS (20mMphosphate buffer, pH 7-0; 0.9% NaCl) and Freund's complete adjuvant. Booster injections, using 2C50 p1 of the purified wst34 with Freund's incomplete adjuvant, were given at 7-10 d intervals for one month. Anti-wst34 serum was then prepared and stored at 4 "C with addition of the same amount of PBS and 0.01 vol. 1 M-NaN,. The antiserum raised against D. mucoroides stalk (anti-Dmst) which had been prepared in our previous work (Kubohara & Okamoto, 1990 ) was used in this study.
Gel electrophoresis and protein assay. SDS-PAGE was carried out using 10 or 12.5% acrylamide gels according to the method of Laemmli (1970) except that DTT (0.1 M) was used instead of 2-mercaptoethanol. 2-D gel analysis was performed according to the method of O'Farrell (1975) as described previously (Kubohara & Okamoto, 1990 ) except that isoelectric focussing was performed at 200V for 16 h with subsequent focussing at 400 V for 1 h. The protein assay was performed by a bicinchoninic acid method (Smith et al., 1985) .
Detection of proteins.
Proteins in 1-D or 2-D gels were transferred onto nitrocellulose membranes (Schleicher & Schuell) as described by Towbin et al. (1979) . WGA-binding proteins were detected by the WGA-PAP method as described by Kumagai et al. (1987) .
Immunoblots with anti-Dmst serum were carried out as described previously (Kubohara & Okamoto, 1990) . Immunoblots with anti-wst34 serum were done as follows. Nitrocellulose membranes were incubated for 1 h with each of the following: (i) anti-wst34 serum solution (obtained in this study, 1 : 1000 dilution), (ii) rabbit anti-mouse IgG (Cappel) solution (1 : 500 dilution), (iii) goat anti-rabbit IgG (Cappel) solution (1 : 100 dilution), (iv) PAP (BbMakor) solution (1 : 200 dilution). All solutions were made in PTS buffer (10 mMphosphate buffer, pH 7.0; 0.05% Tween 20; 0.9% NaCl; 0.025% NaN3). In steps (i) and (ii), non-fat milk [final concentration, 3% (w/v)] was added to reduce any non-specific reaction. Between each step, the membranes were washed three times in PTS for 5 min per wash. Colour H 2 0 2 in PTS. 
Results
WGA-binding proteins in spore and stalk cells of D. mucoroides, D . rosarium, D . purpureum, P . violaceum and P . pallidum were analysed by SDS-PAGE. As shown in Fig. 1 , many cell-type specific proteins were observed both in spore and stalk cells of each species examined. In the case of P . pallidum, the relative amount of WGAbinding proteins is distinctly smaller than that of the other strains examined. However, if a larger amount of total protein is subjected to electrophoresis, a considerable number of cell-type specific W G A-binding proteins can be identified in P . pallidum (data not shown). Analysis of the total protein of spore and stalk cells of each species by biotin blotting revealed small differences between the two cell-types which were very difficult to identify reproducibly in 1-D gels (data not shown).
Among the cell-type specific proteins in Fig. 1 , we directed our attention to the 34-36 kDa WGA-binding proteins present in stalk cells of D. mucoroides (Dm-st34), D . rosarium (Dr-st36) and P . violaceum (Pv-st36) because these proteins appeared to be similar to wst34 which had been identified in stalk cells of D. discoideum (Kubohara & Okamoto, 1990) . To examine whether these proteins were homologous to wst34, we carried out immunoblots using two antisera. One antiserum was raised against purified wst34 (anti-wst34); the other was raised against 
D. mucoroides
(anti-Dmst) and had been found to recognize wst34 (Kubohara & Okamoto, 1990) . As shown in Fig. 2(a) , anti-wst34 recognized a 34 kDa band (corresponding to Dm-st34) in D. mucoroides stalk and a 36 kDa band (Dr-st36) in D. rosarium stalk as well as wst34, but it did not recognize a band corresponding to Pv-st36. It should be noted that anti-wst34 weakly reacted with a 28 kDa band (Dm-st28) in stalk cells of D. mucoroides. On the other hand, anti-Dmst recognized many bands in stalk cells of D. mucoroides including the bands corresponding to Dm-st34 and Dm-st28 ( Fig. 2 b) , because it had been raised against whole proteins of D. mucoroides stalk cells. Anti-Dmst recognized a band corresponding to Dr-st36 as well as wst34, but did not recognize a band corresponding to Pv-st36 (Fig. 2b) .
We also analysed these proteins by 2-D gel electrophoresis, and also tried to confirm, by 2-D gel immuno-blots, whether the two antisera really recognize wst34, Dm-st34 and Dr-st36. Wst34 and Dm-st34 have PI values of 5.5-6.5 and consist of four components in 2-D gels (Figs 3 and 4) . In contrast, Dr-st36 has PI values of 4.8-5.8 and consists of at least four components in 2-D gels (Fig. 5) , while Pv-st36 has PI values of 4.8-5.8 with three or four components similar to those of Dr-st36 (Fig. 6 ). It should be noted that Dm-st28 produces four spots in 2-D gels with almost the same pattern as Dm-st34, and is recognized by anti-wst34 (Fig. 4) . From the analysis of 2-D gels, we concluded that the two antisera recognize wst34, Dm-st34, and Dr-st36 that are defined with WGA. Table 1 summarizes the characteristics of these wst 3 4 4 ke proteins. violaceurn were analysed by 2-D gel electrophoresis. Blotted proteins were detected by the use of WGA. Note that Pv-st36 produced at least four spots in another gel (data not shown).
wst34 Dm-st34 Dm-st-28 Dr-st36 Pv-st36
Molecular mass 34 34 28 36 36 (kDa) PI value 5.5-6.5 5.5-6.5 5.5-6.5 4.8-5. 
Discussion

WGA-binding proieiiis in cellular slime moulds
WGA-binding proteins of D. discoideum have been studied in several laboratories and a number of cell-typeor stage-specific proteins have been identified (West et al., 1978 (West et al., , 1986 Burridge & Jordan, 1979; West and McMahon, 1979; Kumagai et al., 1987; Oyama et al., 1988) . In a previous study, we analysed the WGAbinding proteins of D. discoideum and D. mucoroides, and showed that WGA-binding proteins in D. rnucoroides as well as those in D. discoideum are closely associated with development and differentiation (Kubohara & Okamoto, 1990) . In other words, the cells acquire some of their individual characteristics during development by post-translational modification of proteins that can be recognized with WGA. In the present study, we examined W GA-binding proteins of other species of cellular slime moulds and found many differences between spore and stalk cells of all species examined (Fig. 1) . Because cell-type-specific proteins are not easy to characterize in bulk-protein analysis by I-D gels, WGA may be a useful tool for analysing the development and differentiation of cellular slime moulds. Yamada et al. (1988) compared spore proteins among several species of cellular slime moulds, and demonstrated that P. violaceum is closely related to D. discoideum and D. mucoroides as far as spore proteins are concerned. Our present results show that P. violaceum has, like Dictyostelium spp., many cell-type-specific WGA-binding proteins, while in P. pallidum, the amount of WGA-binding proteins is very low (Fig. 1) . Taken together, these results suggest that P. violaceum might be more closely related to the Dictyostelium genus than P. pallidum.
Wst34-like proteins
The present findings show that wst34-like proteins are likely to be present in stalk cells of D. discoideum (wst34), D. mucoroides (Dm-st34), D. rosarium (Dr-st36) and P. IP: 54.70.40.11 On: Fri, 21 Dec 2018 15:52:55
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uiolaceum . Some of the properties of wst34 and Dm-st34 have been reported previously (Kubohara & Okamoto, 1990) . Wst34 in D. discoideum is a stalkspecific WGA-binding protein, which has a molecular mass of 34 kDa and PI values of between 5.5 and 6.5. In normal development, wst34 appears during the culmination stage and is maintained in stalk cells of fruiting bodies. Wst34 is thought to be localized in the cytoskeleton or extracellular matrix of the stalk cells because this protein is not solubilized with a 1% (w/v) Triton X-100 solution. In the present study, we verified the identity of the wst34-like proteins in the four species by 2-D gel analysis and by immunoblots using two antisera that recognize wst34. WGA-binding ability and cell-type specificity are the common properties of the four proteins, but as far as molecular mass and PI values are concerned, there seem to be two groupsone for wst34 and Dm-st34, the other for Dr-st36 and Pv-st36 (Table 1 ). The fact that wst34 consists of four components and not three as previously found (Kubohara & Okamoto, 1990) , is probably because one component of wst34 was lost during purification. Dm-st34 is the most probable candidate for a wst34like protein, because all the charactristics of Dm-st34 are the same as wst34, except for the fact that anti-wst34 recognized only two components of Dm-st34 in 2-D gels (Fig. 4) . It is interesting that Dm-st28 produces four spots in 2-D gels with PI values of 5.5-6.5 and is partially recognized by anti-wst34 (Fig. 4 ). This implies that there might be some relationship between Dm-st34 and Dm-st28 in uiuo.
As for Dr-st36, since it is strongly recognized by the two antisera and appears at the late stage in normal development (data not shown), it should be regarded as a wst34-like protein. Although Dr-st36 differs from wst34 in molecular mass and PI values, this can be explained by assuming that Dr-st36 is modified with many more carbohydrates carrying negatively charged groups, such as sulphates.
Pv-st36 differs from wst34 in molecular mass and PI values, and it is not recognized by the antisera anti-wst34 and anti-Dmst. However, since Pv-st36 is very similar to Dr-st36 in some respects (Table l) , we still regard it as a candidate for a wst34-like protein.
If wst34-like proteins are conserved in these species, the proteins may play an important role in the formation of the stalk, functionally or structurally. To confirm the identity of these proteins, further study will be necessary, including the analysis of their function(s).
